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Desiccant technology is a category of HVAC equipment used for
dehumidification. A desiccant material is a material that attracts and holds large
amounts of water vapor. Desiccant materials are used in complete desiccant
cooling units, air pretreatment devices, and HVAC system enhancements. The
instructional module has been developed to introduce engineering students to
desiccant technology and the use of desiccant systems. In the typical
engineering curriculum, a number of courses could contain topics related to
desiccant systems. Thermodynamics, heat transfer, HVAC, thermal systems
design, and alternate energy systems courses are appropriate for desiccant
related topics. The instructional module contains lecture material and review
questions and exercises relating to desiccant systems and their uses.
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CHAPTER I
HUMIDITY
Controlling humidity in a conditioned space can be important for a wide
variety of reasons. Traditional applications include comfort, process improvement
for manufacturing sectors (such as confectioneries, electronics, and
pharmaceuticals), product protection from degradation (some foods, grains, and
seeds), “sick” building syndrome remedy, protection from corrosion, and limiting
moisture damage during marine transport. Desiccant dehumidification has been
used since the 1920s in such applications. In the last twenty-five years,
applications have gradually widened into supermarkets, hospitals, refrigerated
warehouses, ice rinks, hotels, and retail establishments. More recently, there has
been interest in applying desiccant dehumidification to commercial and
residential buildings. One reason for the increased market for desiccant
dehumidification was the implementation of ASHRAE Standard 62. This standard
increased the fresh air requirement for many building codes and required that air
inside HVAC ductwork be kept at or below 70% relative humidity. For many
climates, conventional HVAC equipment is unable to keep up with the higher
moisture removal load associated with this increase in ventilation air.

1

Definitions
Psychrometry is the study of the moisture content of atmospheric air. By
extension, the term is commonly taken to mean the study of atmospheric
moisture and its effect on building and building systems (Kreider, et al., 2002).
The most common measures of the moisture water vapor content of moist air are
as follows:
Relative humidity (rh) - the ratio of the amount of water vapor in a volume of airwater vapor to the highest possible amount of water vapor at the current
temperature. Air at 100% relative humidity is also called “saturated.”
Humidity ratio (w) – the ratio of the mass of water vapor to the mass of dry air in
a moist-air mixture.

Origin of Moisture Loads
Moisture or latent loads can come from a number of different sources.
These can include people who occupy a space as well as wet surfaces and
infiltration into the space of outside air. In most climates, the largest moisture
load will come from the ventilation air directed into the space by the airconditioning equipment. Thus, most dedicated dehumidification equipment is
placed inside the incoming air stream. ASHRAE Standard 62-2001 Ventilation for
Acceptable Indoor Air Quality is the standard used for determining the amount of
ventilation needed for a building. Many local building codes require ASHRAE
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recommended air quantities as the minimum acceptable ventilation rate
(Harriman, et al., 1999).
Figure 1.1 depicts a moisture load estimate for a medium-sized retail
store. This estimate was made using ANSI/ASHRAE Standard 62-2001 annual
dehumidification design conditions for the location of Atlanta GA. The ventilation
load remains constant during occupied hours, while other moisture loads will
fluctuate (Harriman, et al., 2002).

Figure 1.1 Moisture Loads of a Sample Commercial Building
(Harriman, et al., 2002)

For this retail store, the ventilation has a moisture load of 131 lb/hr, five times
larger than the second greatest contributor. The moisture load contained in the
ventilation air can change based on geographical location. Figure 1.2 illustrates
some of the latent and sensible cooling loads for different geographical locations
across the United States.
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Figure 1.2 Geographical Cooling Load Estimates (Harriman, et al., 1997)

For the southeastern United States, the latent load from ventilation air is greater
than the sensible load. In some areas, the latent load accounts for as much as
87% of the total load. For climates with large latent loads, conventional HVAC
equipment may not be able to handle the increased moisture from ventilation air.

The Need for Humidity Control
Humidity can have a major effect on buildings and building systems.
Improper moisture levels can also affect processes and operations performed
inside the space as well as human health and comfort.

4

Comfort
Comfort can be described as a thermal balance of the body. An average
resting adult human produces about 18.4 Btu/hr*ft2 of heat per skin surface area.
This activity level is referred to as 1 met. As activity increases, the metabolic rate
will increase, causing the body to rise in temperature. Sweating plays a very
important role in regulating temperature rise. As the body sweats to keep cool, it
relies on the surrounding air to evaporate the moisture. If the surrounding air has
a high relative humidity, the sweat will not evaporate as easily, causing the body
to feel hotter than the actual air temperature. If the relative humidity is very low,
then the sweat will evaporate quickly, keeping the body cooler even at elevated
metabolic rates.
ASHRAE defines thermal comfort as “that condition of mind in which
satisfaction is expressed with the thermal environment.” Thermal comfort is
influenced by four environmental parameters and two personal parameters. The
environmental parameters are dry bulb temperature, mean radiant temperature,
relative humidity, and air velocity. The personal parameters that can significantly
affect the perception of comfort are clothing insulation and level of activity.
ASHRAE Standard 55-2004 specifies conditions for which 80% of slightly-active
persons find the environment thermally acceptable. Figure 1.3 displays the
acceptable regions of temperature and humidity for people in typical summer or
winter clothing with metabolic rates no greater than 1.2 met (ASHRAE
Fundamentals, 2005).
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Figure 1.3 ASHRAE Standard 55-2004 (ASHRAE Fundamentals, 2005)

All environmental parameters (relative humidity, dry bulb temperature,
mean radiant temperature and air velocity) are relative to each other and play an
essential role in determining thermal comfort. For instance, from Figure 1.3 an
increase in dry bulb temperature can be compensated for by a decrease in
relative humidity (ASHRAE Fundamentals, 2005).

Health
The relative humidity range is important not only for comfort, but also for
health issues. According to Arundel, et al., (1992), an increase in relative
humidity encourages mildew growth, but low relative humidity can result in
6

respiratory problems due to dryness. They reported that bacterial populations
typically increase below 30% and above 60% relative humidity. Relative humidity
below 40% may cause respiratory problems. Chemical interactions will take
place in high relative humidity environment with the majority of problems
occurring above 50% relative humidity. Conversely, ozone production that
generates irritants to the mucous and eyes will occur in low relative humidity.
Generally, bacteria and viruses have better chances to survive in high
relative humidity. From the health literature of relevant biological and chemical
interactions, Arundel, et al., (1992) identified an optimal range of humidity where
overall health risks would be minimized. Figure 1.4 is a graphical description of
their findings and illustrates the optimum relative humidity ranges for health. The
bar widths represent the effects of biological contaminants, pathogens causing
respiratory problems, and chemical interactions, including ozone production, with
respect to the relative humidity. Arundel, et al., (1992) concluded that the relative
humidity range should be between 40% and 60%. Negative health effects are
associated with uncontrolled humidity at both ends of the relative humidity
spectrum. Qualitatively, Figure 1.4 shows that all effects are more pronounced at
extreme humidity conditions, either very high or very low.
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Figure 1.4 Optimum Zone for Humidity to Minimize Health Risks
(Arundel, et al., 1992)

In addition, conventional control of humidity in a conditioned space by subcooling and condensation can produce standing water on or near the cooling
coils and nearly saturated air in some portions of the ductwork. Both conditions
have been associated with health hazards such as Legionnaires’ disease and
bacteria growth that can lead to disagreeable odors. Arundel, et al., (1992)
conducted a series of studies of various industrial and residential settings,
focusing on reported adverse health effects and their possible correlation to any
humidifier contaminants. In the course of their observations, numerous species of
contaminants including yeasts, fungi, protozoa, and various bacteria were
detected. The presence of these was found to be a direct result of humidity
conditions in each setting, based on the evidence that occupants’ related health
8

conditions resolved upon the advent of correctional modifications to the
dehumidification system.In addition to customer discomfort, other costs are
associated with high humidity. For example, the American Hotel and Motel
Association has reported costs in excess of $68 million annually for the repair of
mold and mildew damage (NREL ITP-470-5776M).

Process/Product Improvement
Figure 1.5 lists a number of industries or types of processes that
commonly use humidity control to improve the process, products, or conditions.
Figures 1.6 and 1.7 delineate specific documented negative effects from high
humidity. Figure 1.6 qualitatively describes the increase in microbial growth in
stored grain as a function of relative humidity (ASHRAE HVAC Applications,
2003). For fungi and bacteria, the rates of growth vary from minimum rates for
relative humidity levels less than 60% to maximum growth rates above 85% to
95% relative humidity. Aflotoxins are byproducts of the metabolisms of various
species of fungi. These toxins have been shown to be very harmful for both
humans and animals. Control of the humidity level is essential for minimizing
grain spoilage losses.
Figure 1.7 relates the increase in conductance due to humidity in the air
over an ice rink. The increase in heat load for a given relative humidity is given
as a percentage increase over a previously-computed dry air load. At an air
temperature of 40 F, the heat load increases by 65% as the relative humidity
increases from 60% to 90%. This increase leads to a significantly higher load on
9

the ice-making equipment (ASHRAE Refrigeration, 2006). In addition to these
energy concerns, high humidity levels in ice skating rinks are associated with
other undesirable factors including fog formation and condensation which can
lead to maintenance and safety problem.

Figure 1.5 Processes that Use Humidity Control to Improve the Process,
Product, or Conditions (Arundel, et al., 1992)
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Figure 1.6 Increase in Microbial Growth in Stored Grain as a Function of
Relative Humidity (Arundel, et al., 1992)

Figure 1.7 Conductance as a Function of Humidity (Arundel, et al., 1992)
11

Review Questions
1. What effects can humidity have on comfort?
2. What range of relative humidity is optimal to maintain for minimizing
health effects associated with uncontrolled humidity?
3. In general, which negative health effects have been associated with
uncontrolled humidity?
4. What are traditional areas in which desiccant systems have been
widely used?
5. What concerns are motivating expansion of desiccant systems into
new areas such as supermarkets, hotels and office space?
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CHAPTER II
DESICCANT MATERIALS

Definition
Sorbents are defined as materials which attract and hold gases or liquids.
Desiccants are one subset of sorbents which have an affinity for water vapor.
Depending on the type of desiccant material, commercial desiccants can hold
between 10% and 1100% of their dry weight in water vapor. All desiccant
materials will attract moisture until they reach equilibrium with the surrounding
air. The sorption process also generates sensible heat proportional to the latent
heat of the water vapor; this heat is transferred to the desiccant and the
surrounding air. The process of a material attracting and holding water vapor is
described as either adsorption or absorption. Absorption is a process in which
the nature of the material is changed, either physically, chemically, or both. For
example, common table salt is an absorbent. As it absorbs water, it turns from a
solid to a liquid form. However, adsorption is a process in which the material is
not changed physically or chemically. An example of an adsorbent could be a
sponge soaking up water. Practical limitations of both processes can include the
amount of exposed surface area of the desiccant material and the contact time
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between the desiccant material and source of moisture (ASHRAE Fundamentals,
2005).

Desiccant Cycle
All desiccant materials transfer moisture the same way, through a
difference in water vapor pressure at the surface of the desiccant material and in
the surrounding air. The desiccant material attracts moisture when the vapor
pressure at its surface is lower than the vapor pressure of the surrounding air.
The desiccant material releases moisture when the vapor pressure at its surface
is higher than the vapor pressure of the surrounding air. Figure 2.1 illustrates the
relationship between moisture content and the surface vapor pressure of a
desiccant material.

Figure 2.1 Moisture Content and Surface Vapor Pressure
(ASHRAE Fundamentals, 2005)
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With an increase of desiccant moisture content, the vapor pressure at the
surface of the desiccant will increase until equilibrium is reached with the vapor
pressure of the surrounding air. Figure 2.2 shows the effect of temperature on
the surface vapor pressure.

Figure 2.2 Effect of Temperature on Surface Vapor Pressure
(ASHRAE Fundamentals, 2005)

Both an increase in moisture content and an elevation in temperature will
increase the surface vapor pressure. When the surface vapor pressure is higher
than the vapor pressure of the surrounding air, the desiccant will release
moisture. This process is called regeneration or reactivation of the desiccant.
After the desiccant has released moisture due to an increased temperature, it
15

must be cooled so that it can hold moisture again. A full desiccant cycle is
illustrated in Figure 2.3.

Figure 2.3 Desiccant Cycle (ASHRAE Fundamentals, 2005)

During process 1 to 2, the water vapor is drawn in and there is an increase
in temperature due to the sorption process. In process 2 to 3, the temperature is
increased further, and the moisture is removed from the material. In process 3 to
1, the temperature is lowered and the desiccant material regains its ability to hold
moisture. The largest amount of energy used is usually during the regeneration,
process 2 to 3 (ASHRAE Fundamentals, 2005).
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The regeneration energy is equal to the sum of
1. the energy required to raise the temperature of the desiccant in order to
increase the surface vapor pressure above that of the vapor pressure of
the surrounding air,
2. the energy required to vaporize the moisture the material contains,
3. the energy from desorption of water from the desiccant.
The cooling energy is proportional to
1. the desiccant mass,
2. the difference between the desiccant temperature after regeneration and
the lower temperature that allows the desiccant to regain its ability to hold
moisture (ASHRAE Fundamentals, 2005).

Types of Desiccants
Desiccants can be either solids or liquids. Solids normally hold water
through adsorption and liquids through absorption. Figure 2.4 displays sorption
characteristics for some common desiccant materials used in HVAC applications.
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Figure 2.4 Sorption Characteristics of Various Desiccant Materials
(ASHRAE Fundamentals, 2005)

Desiccant materials have different capacities over a range of relative humidity.
Some desiccant materials can dry air at very low relative humidity, while others
can only dry air at higher relative humidity. In some cases the sorption
characteristics of a material can be tailored for use in a specific application.
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Liquid Desiccants
Liquid desiccants are normally used in a desiccant-water solution. Liquid
desiccants are also mixed with ammonia for low temperature or refrigeration
applications. The desiccant vapor pressure is lower than that of water at the
same temperature. As an air stream is passed through the desiccant solution, the
vapor pressure of the air stream will be reduced by the removal of water vapor by
the desiccant. The vapor pressure of a liquid desiccant is directly proportional to
its temperature and inversely proportional to its concentration. Liquid desiccants
are normally chloride salts or glycols.
Some common liquid desiccants include
•

lithium chloride,

•

calcium chloride,

•

lithium bromide,

•

triethylene glycol,

•

propylene glycol.

Figure 2.5 depicts the effect of increasing the temperature and concentration of a
lithium chloride solution.
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Figure 2.5 Effect of Increasing Temperature and Concentration of Lithium
Chloride Solution (ASHRAE Fundamentals, 2005)

As the concentration increases and temperature decreases, the solution vapor
pressure will decrease (ASHRAE Fundamentals, 2005). Liquid desiccants
generally have a larger moisture capacity compared to solid desiccants and also
have the unique ability to clean air of biological contaminates. While liquid
desiccants have benefits over solid desiccants, they also provide other
challenges. Chloride salts can be corrosive, and glycols are easily evaporated
20

and can be carried over into air streams (Lowenstein, et al., 1998). Table 2.1
depicts a summary of some of the advantages and disadvantages of liquid
desiccant materials.

Table 2.1 Summary of Advantages and Disadvantages of Liquid Desiccant
Materials
Liquid desiccant
class

Chloride salts

Glycols

Advantages
can clean air of
biological
contaminates,
high moisture
capacity
can clean air of
biological
contaminates,
high moisture
capacity,
noncorrosive

Disadvantages

corrosive

easily evaporated
and carried by air
streams

Solid Desiccants
Solid desiccants or adsorbents have a very large internal surface area per
unit mass. For example, a single gram of solid desiccant can have more than
50,000 ft2 of surface area. Structurally, a solid desiccant is much like a rigid
sponge, with capillaries throughout the material. Solid desiccants initially attract
moisture using an electrical field at the surface. The field is not uniform and has
no net charge; however, different sites on the material will attract water
molecules with an opposite net charge. Even after the surface is covered with
water molecules, the desiccant can adsorb larger amounts of moisture when
vapor condenses into the first water layer and fills the capillaries that exist
21

throughout the material. As with liquid desiccants, the ability of a solid desiccant
to attract moisture is dependent on the difference in vapor pressures between its
surface and the surrounding air. There are several general classes of solid
desiccant materials.
They include:
•

Silica gels

•

Zeolites

•

Activated aluminas

•

Carbons

•

Synthetic polymers
The capacity of a solid desiccant is generally smaller than that of a liquid

desiccant. However, solid desiccants do have some very useful characteristics
that cannot be achieved using liquid desiccants. Solid desiccants will adsorb
moisture even when hot, allowing a warm air stream to be dehumidified. Also,
solid desiccants can be manufactured with precise tolerances and specific pore
diameters. This can allow a desiccant to adsorb only molecules of a specific
diameter. For example, desiccants may be tailored to remove only water
molecules, while excluding contaminant particles of larger diameters.
The total adsorption behavior of a solid desiccant depends on
•

the total surface area,

•

the total volume of capillaries,

•

the range of capillary diameters.
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With a large surface area, the solid desiccant will have a larger capacity at
lower relative humidity. In contrast, larger capillaries will allow the solid desiccant
to have a larger capacity at higher relative humidity. A desiccant with smaller
capillary diameters will be more selective about the vapor molecules it will hold.
Figure 2.6 and Table 2.2 illustrates three different silica gels that have different
internal structures, allowing them to have different sorption characteristics
(ASHRAE Fundamentals, 2005).

Figure 2.6 Adsorption Characteristics of Various Silica Gels
(ASHRAE Fundamentals, 2005)
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Table 2.2 Structural Characteristics of Various Silica Gels
(ASHRAE Fundamentals, 2005)

Desiccant Life
Most desiccant materials collect water vapor as well as contaminates from
the air. While this characteristic can be useful in some situations, these
contaminants can shorten the life of desiccant material. The total life of a
desiccant material depends greatly on both the quantity and type of contaminants
present in the air streams dried by the desiccant material. In most commercial
equipment, a desiccant material will last 10,000 to 100,000 hours before it needs
replacement.
A desiccant material can undergo chemical reactions with contaminants
that can change the sorption characteristics of the material. The material can
also lose effective surface area through clogging or deterioration. Liquid
desiccants are more susceptible to chemical reaction with air contaminates, while
solid desiccants are more susceptible to clogging. Many systems incorporate
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filters to help maintain the capacity and lengthen the life of the desiccant material
(ASHRAE Fundamentals, 2005).

Review Questions
1. Describe the cycle that a desiccant material goes through as it is used for
dehumidification.
2. Give examples of solid adsorbents and of several liquid adsorbents.
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CHAPTER III
DESICCANT SYSTEMS

Desiccant versus Sub-cooling Systems
In traditional cooling systems, dehumidification is achieved by cooling a
moist air stream to a temperature below its dew point so that liquid water
condenses out of the air. This process is familiar to anyone who has seen
moisture condense on a glass of ice water on a humid day. The process is
illustrated from point 1 to 2 on a psychometric chart in Figure 3.1.

Figure 3.1 Cooling Coil Dehumidification Process
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The process shown is for air being cooled and dehumidified from the AirConditioning & Refrigeration Institute (ARI) standard rating conditions of 95oF db,
75oF wb to the center of the ASHRAE summer comfort zone, which is about 77oF
db, 58 grains/lbmda. From points 1 to 2, the air passes through the cooling coil,
the dry bulb temperature continues to decrease as moisture begins to condense
out of the air onto the cooling coil, resulting in a simultaneous decrease in the
moisture content of the air. Air leaving the cooling coil typically is too cold to
deliver directly to the space. In order to deliver air at the desired condition, some
form of reheating must be used. The reheat process path is also illustrated in
Figure 3.1, from point 2 to 3. In this example, the total net cooling load is 10.8
BTU/lbmda. Of this total load, 6.4 BTU/lbmda, or about 59%, is latent load. Then,
5.3 BTU/lbmda is added during the reheat process, resulting in a total load on the
cooling coil of 16.1 BTU/lbmda. Thus, energy is used for both extra cooling and
for the reheat.
Because the same equipment is used for both the sensible cooling and
dehumidification, moisture can become a problem during off-peak hours. During
this time, the sensible load of the space is low while the latent load may stay the
same. Because a standard cooling system is controlled by a thermostat, the
system will only run long enough to satisfy the temperature requirement of the
thermostat. Also, the moisture standing on the coils when the unit shuts off can
re-evaporate in to the air (Harriman, et al., 2002). Another disadvantage of using
the cooling coil approach is that the air leaving the coil is nearly saturated, with a
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relative humidity typically above 90%. This moist air travels through duct work
until it either is mixed with dryer air or reaches the reheat unit. The damp ducts,
along with wet evaporator coils and standing water in a condensate collection
pan, can facilitate problems with microbial growth and pose associated health,
odor, and other problems as discussed in chapter 1.
The approximate path of the process air through a desiccant device is
depicted in Figure 3.2 for the same inlet and outlet conditions as were shown for
the sub-cooling system (Figure 3.1).

Figure 3.2 Desiccant Dehumidification Process

As implied by the path from points 1 to 2 in Figure 3.2, the desiccant
process increases the dry bulb temperature of the process air. For solid
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desiccant materials, this increase is a result of the “heat of adsorption,” which
consists of the latent heat of vaporization of the adsorbed liquid plus an
additional “heat of wetting.” Heat of wetting is the energy released during
dehumidification in excess of the latent heat of vaporization. The path from point
1 to 2 is close to a line of constant enthalpy. After the dehumidification process,
the process air must undergo a sensible cooling procedure to reach the desired
end point, points 2 to 3. This is also illustrated in Figure 3.2.

Desiccant System Fundamentals
There is a wide variety of desiccant systems available. All desiccant
systems use a process and a regeneration air stream. The process air stream is
directed to the space after being conditioned. The regeneration air stream is
used to regenerate the desiccant material used in the system. Both solid and
liquid desiccant materials can be employed to fulfill the specific requirements of
the desiccant system.

Solid Desiccant Systems
Solid desiccant materials are arranged many different ways in desiccant
dehumidification systems. Generally, in a solid desiccant system, the desiccant
material is exposed to a process air stream where the material attracts and holds
moisture. Then, the desiccant material is moved to a reactivation air stream
where the material releases the accumulated moisture. Reactivation employing a
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heated air stream is called active regeneration, while reactivation using an air
stream that is dryer than the process air stream is called passive regeneration.
Solid desiccant materials can be packed into tower configurations,
granular horizontal beds or can be impregnated into a wheel structure. A tower
configuration is displayed in Figure 3.3.

Figure 3.3 Solid Desiccant Tower (Meckler, et al., 1995)

The towers are filled with a solid desiccant material, and the process air is
routed through one tower, while the regeneration air is routed through the other
tower. When the desiccant material in the first tower becomes saturated, the air
streams are switched. This configuration is used for industrial processes but is
30

not used for comfort conditioning due to large pressure drops across the
material. An example of a granular horizontal bed structure is illustrated in Figure
3.4.

Figure 3.4 Granular Horizontal Bed (Meckler, et al., 1995)

In this configuration, granules of a desiccant material are held in
perforated trays which rotate between the process and regeneration air streams.
Horizontal beds are used in specialized industrial applications but are not used
for comfort conditioning because of significant pressure drops across the
materials (Meckler, et al., 1995).
The most common arrangement for a solid desiccant material is the
desiccant wheel. This configuration is similar to a piece of corrugated board
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rolled into a drum, creating lengthwise channels for air to pass through (Meckler,
et al., 1995). An example of a solid desiccant wheel is shown in Figure 3.5.

Figure 3.5 Solid Desiccant Wheel (Meckler, et al., 1995)

Much like the granular bed configuration, the solid desiccant wheel is
rotated between the process and reactivation air streams. The wheel is
constructed by placing a thin layer of desiccant material on a plastic or metal
support structure. The support structure, or core, is formed so that the wheel
consists of many small parallel channels coated with solid desiccant material.
The channels are small enough to ensure laminar flow through the wheel. Both
“corrugated” and hexagonal channel shapes are currently in use. Desiccant
wheel are generally given 3:1 process to regeneration ratios. This means that
one forth of the wheel is used for reactivation and the remaining three fourths is
used for process air. Another process to regeneration ratio used is 1:1. Typical
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rotation speeds are between 6 and 20 rotations per hour. Typical wheel
diameters can vary from one foot to over twelve feet. Solid desiccant materials
commonly used in desiccant wheels are silica gels and molecular sieves
(Meckler, et al., 1995).

Liquid Desiccant Systems
Liquid desiccants, like solid desiccants, are utilized by exposing the
desiccant to a process air stream where the desiccant attracts and holds
moisture. Then, the desiccant solution is moved to a reactivation air stream
where the desiccant releases the accumulated moisture. Although solid and
liquid desiccants are utilized in the same way, liquid desiccants have some
advantages over solid desiccants. Some of these advantages include lower
reactivation energy required to regenerate the desiccant, lower pressure drop
across the material, and higher absorption efficiencies. Liquid desiccant systems
also have the ability to clean the air of biological contaminates (Lowenstein, et
al., 1998).
Liquid desiccant systems present the liquid desiccant to the process air
stream by using spray towers or through a falling film. Controlling the
concentration of the desiccant solution allows control of the adsorption
characteristics of the liquid. Highly concentrated desiccant solutions can absorb
moisture from dry air, while lower concentrations allow for absorption of moisture
from air streams with high relative humidity. Liquid desiccant systems consist of
two parts, the conditioner and the regenerator. The conditioner is where the air is
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exposed to the desiccant material, and the regenerator is where the moisture
content is removed from the desiccant. These systems can be modular, and one
regenerator can service multiple conditioners, allowing for design flexibility.
Current liquid desiccant systems are designed to meet the increased challenges
of using liquid desiccant materials. Desiccant systems which use chloride salts
make use of plastic conditioner and regenerator parts to contain corrosive liquids.
Desiccant systems which use glycols are designed specifically to limit the loss of
glycol to the air streams. Liquid desiccant system also commonly use special
filters to reduce the carry over of liquid desiccant into the space. There are a
number of liquid desiccant materials, but the most commonly used is lithium
chloride and triethylene glycol (Lowenstein, et al., 1998).

Methods of Use
The process and regeneration air inlet conditions and outlet requirements
call for different components to be used in conjunction with desiccant materials
that are suited to individual situations. Desiccant materials can be paired with
various cooling and heating equipment to meet part or the full conditioning load
of the process air. In the 1980s and 1990s solid desiccant systems were
designed to meet the complete cooling load of certain applications without
conventional cooling equipment. These systems proved too costly to operate for
many applications in the commercial market.
Since, both solid and liquid desiccant systems have been developed using
various cooling and heating components and set up in numerous configurations
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to meet the needs of various commercial and industrial applications. Heat
exchangers can be used to help cool process air streams and simultaneously
preheat reactivation air streams. For solid desiccant systems, cooling
components such as evaporative cooling systems or indirect evaporative cooling
systems can be used to cool process air streams before, after, or on both sides
of dehumidification. Typically, liquid desiccant systems are paired with cooling
towers or chillers for cooling and a steam or hot water boilers for reactivation.
Where solid desiccant systems dehumidify and cool the air in a separate step,
liquid desiccants couple cooling and dehumidification (Harriman, et al., 1996).
Today’s HVAC systems could include desiccant equipment for
dehumidification and conventional air conditioning equipment to complete the
requirements of the space. These systems are called hybrid systems. The
advantage of using both desiccant and conventional equipment is that humidity
and temperature can be controlled separately. In times of low sensible load, the
desiccant portion of the system will still control humidity. Likewise, when latent
loads are low, the conventional equipment can still be used to control
temperature. In general, desiccant systems shift part of the cooling load to
alternative forms of energy. This shift can reduce the electrical consumption of an
air conditioning system, but desiccant systems still require additional thermal
energy for reactivation. Current solid desiccant dehumidification systems can be
found in ranges of 100 cfm to 80,000 cfm. Solid desiccant systems for
commercial applications have an installed capital cost of $5 to $8 per cfm. Solid
desiccant systems for industrial applications have an installed capital cost of $5
35

to $20. Current liquid desiccant dehumidification systems can be found in the
range of 1,000 cfm to 70,000 cfm. Liquid desiccant systems for commercial
applications have an installed capital cost of $5 to $7 per cfm. Liquid desiccant
systems for industrial applications have an installed capital cost of $5 to $18
(CHP Resource Guide, 2005).

Performance

Key Performance Parameters
Different components used in a desiccant system will affect the performance
characteristics of the system, but there are several basic parameters that affect
all desiccant systems.
•

Process air moisture – The inlet conditions of the process air determine
the characteristics of the complete cycle. The more moisture that is
removed from the process air stream, the higher the sensible temperature
gain. Some industrial applications will use air that has already been
conditioned or refrigerated for input to a desiccant system. Commercial
applications are typically concerned with conditioning make up and
ventilation air, where moisture levels can be much greater.

•

Process air temperature – Temperature is a major factor that determines
vapor pressure. Vapor pressure dictates how much moisture can be
removed from the process air stream and the amount of reactivation
energy needed to remove moisture from the desiccant. Solid desiccant
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systems typically cool the process air stream and then dehumidify. Liquid
desiccants couple cooling and dehumidification so that they are done
simultaneously.
•

Process air velocity – The slower the velocity of the air, the more time it
has to make contact with the desiccant material for moisture removal.
While a lower air velocity allows for better moisture removal, it also adds
size and capital cost to the system. In the case of liquid desiccant
systems, elevated air velocities can entrain droplets of liquid desiccant
and carry them through duct work or to the space.

•

Reactivation air temperature – The higher the reactivation air temperature,
the more moisture can be removed from the desiccant material. The drier
a desiccant material, the greater its capacity to absorb moisture from the
process air. Regeneration temperatures for solid desiccant systems range
from 300oF to 180oF. High temperature regeneration, 300oF to 250oF, is
usually required when drying humid outside air. Reactivation temperatures
can be lowered by precooling the process air stream before
dehumidification. Typical regeneration temperatures for liquid desiccant
systems are 250oF to 160oF.

•

Reactivation air moisture – The moisture content of the reactivation air
stream affects the temperature required to effectively regenerate the
desiccant material. Generally, the moisture content of the regeneration air
is a factor for very low temperature regeneration applications.
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•

Reactivation air velocity – Energy delivery requirements dictate the
velocity of the regeneration air. Generally, air temperatures leaving the
regeneration side of the desiccant system are in the range of 120oF. The
hot air is cooled by the absorption of the moisture from the desiccant
material. Temperatures above this range show that some of the energy is
wasted during regeneration. In liquid desiccant systems, elevated air
velocities will pick up droplets of desiccant and carry them through the
duct work.

•

Amount of desiccant in contact with the air stream – For solid desiccant
systems, the desiccant wheel size can be increased. However, this adds
capital costs and increases fan requirements. Liquid desiccant systems
typically use a contact media to increase the desiccant’s contact with the
air stream. Another option can be to increase the desiccant flow rate,
though this option can also increase capital costs and fan requirements.

•

Desiccant characteristics – Different desiccant isotherms hold and release
moisture at different relative humidities. Some materials have a much
higher capacity compared to others. The greater the moisture capacity,
the smaller the mass of desiccant is needed in the system. Therefore, less
energy is required to cool and heat the desiccant material.

Thermal COP
One measure of performance used by researchers and manufacturers is the
thermal coefficient of performance (COPthermal), not to be confused with a cooling
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coefficient of performance (COPcooling). The COPthermal is defined as the energy
contained in the moisture removed divided by the energy input required to
regenerate. Typical COPs for solid desiccant equipment are 0.4 to 0.65, and for
liquid desiccant equipment are 0.4 to 0.8 (Lowenstein, et al., 2005).

Operational Costs
The largest costs associated with the operation of a desiccant system are
the increased fan power and reactivation energy. Minimizing fan power and
choosing the best source of reactivation energy will reduce the operational
expenses of a desiccant system.

Regeneration Energy
The largest amount of energy consumed by the operation of an active
desiccant system is in the regeneration of the desiccant material. Most early
desiccant systems used natural gas driven heaters for regeneration. Natural gas
heaters are still used, but current desiccant systems have more options for
regeneration energy. Other options for regeneration energy include waste heat
from internal cooling equipment and waste heat from on-site power generation
(CHP). Solar energy is also being researched as a viable way to regenerate
advanced liquid desiccant systems. For current desiccant systems, dew points as
low as 45oF can be obtained using internal waste heat from cooling equipment.
For applications requiring dew points below 45oF natural gas heaters or other
high quality forms of heat are used.
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Fan Power
Another energy consumption concern for all desiccant systems is the added
fan power required to drive air through the desiccant system. A common practice
among commercial applications is to place the desiccant system in a bypass
rather than in the direct process air path. Figure 3.6 displays some options for
desiccant placement in an HVAC system and gives advantages and
disadvantages for each option.
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Figure 3.6 Bypass Options Commonly Used in Commercial Desiccant
Applications (Harriman, 2003)

An upstream bypass can be used to dehumidify only when humidity rises in the
space. A downstream bypass allows the desiccant to only be used when the
cooling system cannot handle the full moisture load. A switchover ventilation
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dehumidifier will allow the desiccant to dry the ventilation air when humidity rises
in the space. Choosing the proper bypass option for an application will reduce
the fan energy used by the system.

Maintenance
Maintenance was a problem for some early desiccant systems. Current desiccant
systems are simpler and are more resilient to marginal maintenance practices.
Because some liquid desiccants can be corrosive, maintenance for liquid
desiccant systems is more rigorous than that for solid systems. While routine
maintenance practices are necessary to keep desiccant systems operating at
desired efficiencies, the operational costs of a system will far outweigh the
maintenance costs. Common maintenance practices associated with solid
desiccant systems include
•

check desiccant wheel (every 2 to 3 months),

•

check process/regeneration air filters (every 2 to 3 months),

•

check pressure drops (every 2 to 3 months),

•

check fan bearings (every 2 to 3 months),

•

check/replace belts (every 2 to 3 months).

Common maintenance practices associated with liquid desiccant systems include
•

check desiccant concentration (monthly),

•

check desiccant sprayers (monthly),

•

check desiccant fluid level ( monthly),

•

replace desiccant filters (monthly),
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•

replace process/regeneration air filters (every 2 to 3 months),

•

check pressure drops (every 2 to 3 months),

•

check fan bearings (every 2 to 3 months),

•

check/replace belts (every 2 to 3 months).

Future Projections
Desiccants are currently used in applications such as cold storage, ice
rinks, pharmaceuticals, food production, and supermarkets. High initial and
operational costs are the major factors which have held desiccants in niche
applications and smaller markets. Many of these factors can be offset or
improved by emerging technology and techniques that will lower the operational
costs and improve overall performance. Many researchers think that in the future,
liquid desiccant systems have the potential to move into a wider range of
applications (Lowenstein, et al., 1998). Currently under development are
multiple-effect boilers for liquid desiccant systems. These improved boilers are
projected to raise the thermal COP of liquid desiccant systems to 1.2. The
increased performance will lower the fuel input used to regenerate a liquid
desiccant system. The increased performance will also allow the opportunity for
using solar power for reactivation (Lowenstein, et al., 2006). Some current
desiccant systems are making use of alternative forms of reactivation energy,
such as condenser waste heat. Both Munters and Genius Air Conditioning are
marketing desiccant systems that use condenser waste heat for reactivation.
Improved heat exchanger technology will allow these “free” forms of energy to be
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used more often and more effectively. Desiccant manufacturers are beginning to
produce and market systems for wider ranges of applications. Also these diverse
systems are becoming standard rooftop systems to compete with conventional
equipment (Fisher, 2000). Trane, SEMCO, and Munters are producing smaller
sized desiccant systems for rooftop instillations. AIL Research is developing an
advanced liquid desiccant system which will utilize a multiple (1.5) effect boiler
and plastic heat exchangers. This advanced liquid desiccant system is projected
to have a thermal COP of 1.2.

Summary
Desiccant materials are used in various ways in desiccant systems. Solid
desiccants are impregnated into wheel structures or placed into rotating trays.
Liquid desiccants are used in large spray towers and in falling film heat
exchangers. These desiccant materials are used in conjunction with various
cooling and heating devices to achieve the desired process air conditions. Table
3.1 lists some common characteristics of current desiccant equipment.
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Table 3.1 Characteristics of Current Desiccant Equipment
Technology

Solid Desiccants

Liquid Desiccants

Material commonly used

silica gel and
molecular sieve

lithium chloride,
triethylene glycol

Size range (cfm)

100 - 80,000

1,000 - 70,000

Thermal COP

0.3 - 0.65

0.4 - 0.8

Regeneration temperature
(oF)

180 – 300

160 – 250

Installed equipment cost
($/cfm)

5 – 20(industrial)
4 – 8 (commercial)

5 – 18 (industrial)
5 – 7 (commercial)
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CHAPTER IV
SOLID DESICCANT CONFIGURATIONS
The following configurations are currently available from different
companies. Exact performance data can be obtained directly from the company
manufacturing the system. All performance characteristics are used to illustrate
typical performances of the configurations. Specific components such as filters,
dampers, and fan specifications will not be discussed, but can affect performance
and life of the equipment.
Figure 4.1 depicts a traditional desiccant configuration.

Figure 4.1 Traditional Desiccant Configuration (Harriman, et al., 1996)
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The configuration in Figure 4.1 is the traditional desiccant approach. Air first
enters the desiccant wheel where it is dehumidified and the sensible temperature
of the air stream is increased. Lastly, the air passes through a heat exchanger to
lower its temperature. On the reactivation side, air is first cooled using an
evaporative cooler, then passes through the heat exchanger to cool the process
air stream. Next the air regeneration stream is heated for reactivation. The
source of regeneration energy is traditionally a natural gas burner. The
reactivation air stream can be brought from the return of the space or outside.
For most climates, this configuration cannot produce process air temperatures
below 70oF. This arrangement uses very little electrical energy, but can require
significant amounts of thermal energy. This system could handle both the
sensible and latent cooling load of certain applications. However, large amounts
of air are needed to meet sensible load requirements when compared to
conventional equipment which can obtain much lower supply air temperatures.
This design is still used in commercial and industrial applications, but generally is
sized to only handle latent loads (Harriman, et al., 1996).
Figure 4.2 shows a sold desiccant hybrid configuration.
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Figure 4.2 Solid Desiccant Hybrid Configuration (Harriman, et al., 1996)

This arrangement is similar to the traditional desiccant configuration except for
the addition of a cooling coil in the process air stream. Air first enters the
desiccant wheel where it is dehumidified and the sensible temperature of the air
stream is increased. Next, the air passes through a heat exchanger to precool
the process air stream. Lastly the air passes through the cooling coil to complete
the conditioning requirements. On the reactivation side, air from the space or
outside first passes through the heat exchanger to precool the process air
stream. Next the regeneration air stream is heated for reactivation. The source of
regeneration energy is traditionally a natural gas burner. This configuration can
be used for part or full load in comfort conditioning and industrial process.
Figure 4.3 illustrates an alternative hybrid configuration which can be
employed in complete conditioning systems or used as a separate
dehumidification unit.
48

Figure 4.3 Series Regeneration Desiccant Hybrid Configuration
(Adapted from TRANE engineers newsletter, 2005)

The configuration depicted in Figure 4.3 uses a series regeneration desiccant
cycle. The incoming air travels first through the reactivation side of the desiccant
wheel, increasing its humidity. Next, the air stream passes though a standard DX
cooling coil, where the air is cooled and dehumidified. Lastly, the air stream is
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sent through the desiccant wheel, where the air is further dehumidified and
heated. During certain weather conditions, the incoming air may be preheated
before reaching the reactivation side of the desiccant wheel to ensure the system
properly dehumidifies the air stream to the desired condition. Typical dew points
for the process air leaving the device are around 45oF. This configuration uses
very little outside regeneration energy. The desiccant wheel is used for about
20% of the total dehumidification of the process air (TRANE engineers
newsletter, 2005).
While some solid desiccant systems can be sized to handle the complete
cooling load, another trend is to use smaller individual desiccant systems for
added dehumidification or pretreatment of ventilation air. These systems are
generally smaller in size and can be used and installed easier than the larger
systems used for the total latent load or the complete load. Figure 4.4
demonstrates an actively regenerated desiccant dehumidification device.

Figure 4.4 Active Desiccant Dehumidification Device (Harriman, 1996)
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From points A to B, the process air first moves through the desiccant wheel
where the air is dried and undergoes an increase in temperature. Then from
points B to C, the air passes through a heat exchanger to help lower the sensible
temperature before leaving the device. The reactivation air stream can come
from the return of the building or from the outside. This type of configuration has
a deep drying ability at all inlet air conditions, as well as the ability to deliver air
with dew points below 45oF. This type of configuration has a large range of sizes
available. The source of reactivation energy is usually from a natural gas burner,
but could also be taken from other heating devices. This type of configuration is
best suited for low humidity applications. (Harriman, 1996).
Figure 4.5 depicts an alternative actively regenerated desiccant
dehumidification device.

Figure 4.5 Alternate Active Desiccant Dehumidification Device
(Harriman, et al., 2002)
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This configuration uses both a conventional cooling coil dehumidifier and an
actively regenerated desiccant wheel. Condenser waste heat is used to
regenerate the desiccant wheel rather than a separate heating device. From
points A to B, the air stream first enters the cooling coil where some moisture is
removed by over-cooling the air stream. Next, from points B to C, the air stream
enters the desiccant wheel where more moisture is removed and the air stream
is heated. The desiccant wheel removes about 30% of the total dehumidification
load. This unit can also be run using only the cooling coil, allowing the unit to
adjust to changing weather conditions for the best economic benefit. One
limitation of this configuration is that the air temperature leaving the pretreatment
unit changes based on the amount of moisture removed by the desiccant wheel.
Typical process air dew points are around 50oF (Harriman, et al., 2002).
Figure 4.6 illustrates a passively regenerated desiccant dehumidification
device.

Figure 4.6 Passive Desiccant Dehumidification Device (Harriman, et al., 2002)
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This configuration uses exhaust air from the space to regenerate the desiccant
wheel. This type of unit can be used to reduce the moisture load on the
dehumidifier in a standard air conditioning system and help moderate the
humidity level inside a space. A disadvantage of this system is that the exhaust
air must be routed back to the dehumidifier. Also, this unit may not be
economically beneficial to run year-round due to the recovery of unwanted heat
from the exhaust air (Harriman, et al., 2002).

Example Problems
Example 4.1
Given a Munters HCD-1125 dehumidification system that removes 30 lbs of
water per hour from an air stream at 75oF, 50% rh, 1125 cfm, determine the
humidity ratio of the outlet air in grains/lbmda.
Solution: From a psychometric chart, at the stated air condition, the humidity ratio
is w = 65 grains/lbmda and the specific volume is v = 13.7 ft3/lbmda.
The mass flow rate of dry air is
lbmda
V&
1225 ft 3 / min
= m& da =
= 82.1
3
v
min
13.7 ft / lbmda
The mass flow rate of moisture leaving the unit can be calculated as follows:
m& da ∗ w = m& moisture _ in = (82.1

lbm da
min
grains
grains
) ∗ (65
∗ 60
) = 320,190
lbm da
hr
hr
min

m& moisture _ out = m& moisture _ in − m& removal = (320,190

grains
lbm
grains
grains
) − (30
∗ 7000
) = 110,190
hr
hr
lbm
hr
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The outlet humidity ratio is

m& moisture _ out
m& da

grains
grains
hr
=
= 22.4
lbmda ⎞ ⎛ min ⎞
lbmda
⎛
⎜ 82.1
⎟ * ⎜ 60
⎟
min ⎠ ⎝
hr ⎠
⎝
110,190

Example 4.2
On a psychometric chart, plot lines of constant SHR from the center of the
ASHRAE Comfort Zone; approximately 75oF, 45% rh.

Solution:
SHR = Sensible Load / Total Load
The SHR diagram can be found in the top left corner of most psychometric
charts. Using the SHR diagram shown in Figure 4.7, the lines can be plotted
using a protractor
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Figure 4.7 SHR Diagram (ASHRAE Fundamentals, 2005)

A SHR of 1 corresponds to the total load being 100% sensible energy or no
change in humidity. Zero change in humidity on a psychometric chart
corresponds to a straight horizontal line. As the SHR decreases to zero the
corresponding load becomes composed of more latent energy. On a
psychometric chart the line will move from completely horizontal to a completely
vertical line when the SHR = O or when the load is completely latent energy. The
lines are plotted on a psychometric chart in Figure 4.8
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Figure 4.8 Lines of Constant SHR from the Center of the ASHRAE Comfort
Zone
Example 4.3
Using the following inlet and outlet conditions reported for the process air in a
Comfort Solution dehumidification system, calculate the moisture removal per
hour and the latent and sensible load reduction that the dehumidification system
contributes.
Inlet: 77.8oF, 89.9 grains/lbmda
Outlet: 107.7oF grains/lbmda
Flow rate: 198 cfm
Solution: The Inlet and outlet condition are shown on a psychometric chart in
Figure 4.9. The following properties can be read from the psychometric chart:
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Specific volume v ≈ 14.2 ft3/lbmda
At 77oFdb, 89.9 grains/lbmda h=32.8 Btu/lbmda
At 107.7oFdb, 54.9 grains/lbmda h=34.6 Btu/lbmda
At 107.7oFdb, 89.9 grains/lbmda h= 40.0 Btu/lbmda

Figure 4.9 Inlet and Outlet Conditions for Example Exercise 4.3.
The moisture removal per hour is

⎛
ft 3 ⎞
min
⎜⎜198
⎟⎟
60
&
lbm H 2O
min ⎠
⎛
V
grains ⎞ ⎝
hr
⎟⎟ ∗
∗
=
−
4
.
2
( wout − win ) * ( ) = m& removal = ⎜⎜ 54.9 − 89.9
grains
v
lbmda ⎠
hr
ft 3
⎝
7,000
14.2
lbm H 2O
lbmda
The latent and sensible loads are determined by:
•

Load = m Δh
For the latent load reduction
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ft 3
198
min ∗ ⎛⎜ 40 − 34.6 Btu
⎜
lbmda
ft 3
⎝
14.2
lbmda

⎞ ⎛ min ⎞
Btu
⎟⎟ ∗ ⎜ 60
⎟ = 4,518
hr ⎠
hr
⎠ ⎝

While for the sensible load reduction

ft 3
min ∗ ⎛⎜ 32.8 − 40 Btu
⎜
lbmda
ft 3
⎝
14.2
lbmda
198

⎞ ⎛ min ⎞
Btu
⎟⎟ ∗ ⎜ 60
⎟ = −6,024
hr ⎠
hr
⎠ ⎝

Note that the dehumidification system increases the sensible load on the
conditioned space. The sensible load increase is slightly higher than the
decrease in the latent load, for small net increase in the overall cooling load if the
thermostat set point is not changed.

Exercises
1. The 1997 ASHRAE Fundamentals, lists the following 1% yearly extreme
data for Atlanta, GA
1% wet bulb: 76oF
Mean coincident dry bulb: 87oF
1% dew point: 73oF
Mean coincident dry bulb: 81oF
Calculate the latent and sensible loads associated with bringing 1000 cfm
of moist air from each of these design conditions to 75oF, 50% rh.
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2. Compute the sensible heat ratio and moisture removal to bring 1000 cfm
of air from 95oFdb, 77oFwb, to 60oFdb, 50% rh.
3. At 50% rh, how much moisture must be removed per lb of dry air as the air
is cooled for 96oF to 70oF? What mass flow rated of water does this
correspond to for an air flow rate of 5000 cfm?

4. Determine the moisture change for each 10% change in relative humidity
for 60oF, 75oF, 90oF

5. Compute the total and latent cooling loads associated with bring 1000 cfm
of air at 95oFdb, 75oFwb, to 75oFdb, 50% rh. Compare these results with
those obtained with a starting point of 85oFdb, 75oFwb.

6. Assume that the outside air design condition is 97oFdb, 78oFwb. A
conditioned space has latent and sensible loads of 25,000 and 50,000
Btu/hr, respectively. The system is shown in Figure 3.14.
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Figure 4.10 Psychometric Problem 6 Schematic

a. Determine the sensible heat ratio for the conditioned space, and
the flow rate of ventilation air that will be provided if a conventional
air conditioning system uses 100% outside air and provides air at
90% rh. Allow 18oF for diffusion.
b. Determine the latent and sensible load on the air conditioning
system in part (a)
c. Calculate the moisture removal rate for the system in part (a).
d. Assume that a desiccant system is added (Figure 4.11) which will
deliver 1500 cfm ventilation air at 77oF, 48 grains/lb using exhaust
air recovery for regeneration. Calculate the new sensible and latent
loads on the air conditioning system and the moisture removal rate.
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Figure 4.11 Psychometric Problem 6d Schematic

7. Assume that the outside air design condition is 95oFdb, 75oFwb. A
conditioned space has a total cooling load of 200,000 Btu/hr with SHR =
0.8. The space is to be maintained at 72oF, 45% rh. There is a ventilation
requirement of 2000 cfm. A vapor compression cooling system will be
used which supplies air at 90% rh. Compare the total cooling load on the
conditioning unit.

a. The 2000 cfm ventilation air is brought directly from outside to the
cooling system (Figure 4.12)
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Figure 4.12 Psychometric Problem 7a Schematic

b. The 2000 cfm ventilation air is passed through a desiccant system
(Figure 4.13) that takes the outside air form 95oFdb, 75oFwb to
82oFdb, 61oFwb before being directed to the cooling system.
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Figure 4.13 Psychometric Problem 7b Schematic
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CHAPTER V
LIQUID DESICCANT CONFIGURATIONS
The following configurations are currently available from different
manufacturers. Exact performance data can be obtained directly from the
company manufacturing the system. All performance characteristics are used to
illustrate typical performances of the shown configurations. In general, there are
numerous variables which can affect the performance of a liquid desiccant
system, including exact concentration of the desiccant solution as well as the
exact components used in the system. Specific components such as filters,
sprayers, and fans will not be discussed but can affect performance and life of
the equipment.
Figure 5.1 illustrates a liquid desiccant system used for industrial
applications.
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Figure 5.1 Industrial Liquid Desiccant System (ASHRAE Fundamentals, 2005)

In this configuration, a liquid desiccant solution is sprayed through the
process air stream while passing through a cooling coil, achieving both sensible
cooling and dehumidification. Then, the weak desiccant solution is captured at
the bottom of the conditioner and is pumped to the regenerator. In the
regenerator, the weak desiccant solution is sprayed through a scavenger air
stream while passing through a heating coil. The heated desiccant releases its
moisture content into the scavenger air stream and the now reconcentrated
desiccant is captured at the bottom of the regenerator and pumped back to the
conditioner. For this configuration lithium chloride or other corrosive materials
cannot be used because they can damage the cooling and heating coils. This
type of configuration is mostly used refrigeration and other industrial applications
(ASHRAE Fundamentals, 2005).
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Figure 5.2 depicts another liquid desiccant system commonly used for
industrial and commercial applications.

Figure 5.2 Liquid Desiccant System (Kathabar Applications Manual, 2007)

In this configuration the desiccant solution is cooled before coming into contact
with the air stream. The cooled desiccant is sprayed through the process air
stream and a contact media. The contact media increases the liquid desiccant
surface area, allowing more desiccant to make contact with the air stream. The
liquid desiccant both cools and dehumidifies the air passing through the
conditioner. Next, the desiccant is captured in the bottom of the conditioner and
pumped to a heating element. The heated desiccant is then pumped to the
regenerator. Just as in the conditioner, the desiccant is sprayed through the air
stream and a contact media. As the heated desiccant makes contact with the
scavenger air stream, the desiccant material releases the captured moisture and
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is reconcentrated to be used again. This configuration can also take advantage
of alternative energy sources to heat and cool the desiccant, allowing for a more
flexible system. Contact media or packing is used in many liquid desiccant
systems to increase the surface area of the desiccant while passing through an
air stream. This system also makes use of mist eliminators to make sure that
there is no droplet carryover in the process air stream. Mist eliminators and
contact media are common in most liquid desiccant systems, but actual types
and the method in which they work vary between manufacturers (Kathabar
Applications Manual, 2007).
Figure 5.3 depicts a hybrid liquid desiccant configuration.

Figure 5.3 Hybrid Liquid Desiccant System
(Adapted from http://www.geniusac.com )
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In this configuration, the process air stream is first passed through an enthalpy
exchanger to exchange energy and moisture with a return air stream from the
space. The liquid desiccant is cooled using a standard refrigerant based
compression system. Next, the cooled desiccant is sprayed through the air
stream and a contact media. For the regenerator side, the desiccant is heated
using the waste heat from the condenser of the refrigeration system. The
scavenger air stream can be return air stream from the space or outdoor air.
This configuration is used for smaller commercial sized air flow and is one selfcontained unit (http://www.geniusac.com).
Researchers are exploring a number of liquid desiccant advances. Some
of these include multiple effect boilers, advanced plastic heat exchangers. Figure
5.4 displays a liquid desiccant system configuration for commercial applications.
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Figure 5.4 Low Flow Liquid Desiccant System (http://www.ailr.com)

This configuration uses plastic parallel-plate liquid-to-air heat exchangers
for both the conditioner and the regenerator. The coolant or heating fluid flows in
the plates while the desiccant flows down the outer surface of the plates. As the
air flows horizontally between the plates, thin wicks on the plate surfaces create
uniform desiccant films, acting like contact media and increasing the desiccant
surface area in contact with the air stream. This type of configuration can utilize a
very low desiccant flow rate, typically 0.5 gpm per 1000 cfm of process air,
compared to conventional flows that are between 10 and 15 gpm per 1000 cfm.
For these low flow rates, the air stream will not entrap droplets, achieving a zero
carryover of liquid desiccant and eliminating the need for sprayers and mist
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eliminators. The above configuration has a limited availability and is still under
testing (http://www.ailr.com).

Example Exercise
Liquid Desiccant System Performance Estimation (Kathabar Applications
Manual, 2007)
Example 5.1
Design Data:
Outside Air Requirements

1000 SCFM

Outside Air Summer Design
Space Maintained Conditions

95oF db, 78oF wb
75oF, 30% rh,
39 grains/lb.

Internal Sensible Load

450,000 BTU/hr

Internal Latent Load
Maximum Diffusion Temperature
Difference

325,000 BTU/hr

Available Coolant

45oF chilled water

Available Heat Source

200oF hot water

20oF

a. Determine conditioner leaving air temperature and airflow.
Solution:
Leaving Temperature = 75oF maintained – 20oF diffusion = 55oF

Airflow =

450,000 BTU / hr
= 20,833cfm .
20 o Fdiffusion ∗ 1.08

b. Select conditioner size from Kathabar engineering data table
included as Figure 5.5.
Solution:
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Unit size 2000 will handle 20,833 cfm

Figure 5.5 Kathabar Engineering Data Table
(Kathabar Applications Manual, 2007)
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c. Determine the maximum diffusion humidity difference.
Solution:

Difference =

325,000 BTU / hr
= 22.9 grains / lb
20,833SCFM ∗ 0.68

d. Determine conditioner leaving air humidity.
Solution:
Leaving Air Humidity = 39 grains/lb – 22.9 grains/lb = 16.1 grains/lb

e. Check conditioner leaving air temperature and humidity to be sure
that the conditioner is capable of the desired performance. Kathabar
Performance Psychometric chart included as Figure 5.6.
Solution:
Conditioner can deliver air as dry as 11 grains/lb. Conditioner can meet
the desired performance of 16.1 grains/lb.
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Figure 5.6 Kathabar Performance Psychometric chart
(Kathabar Applications Manual, 2007)
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f. Determine air temperature and humidity entering conditioner
Solution:
1,000 SCFM of outside air @ 95oF db, 78oF wb, 118 grains/lb
20,833 SCFM – 1,000 SCFM = 19,833 SCFM return air @75oF, 39
grains/lb
Maximum Air Temperature = 75 o F +

(

)

1,000cfm ∗ 95 o F − 75 o F
= 76 o F
20,833cfm

Maximum Air Humidity

= 39 grains / lb +

1,000cfm ∗ (118 grains / lb − 39 grains / lb )
= 42.8 grains / lb
20,833cfm

Thus, air enters the conditioner at 76oF, 42.8Gr/Lb.

g. Determine the maximum coolant supply temperature
Solution:
Air enters the conditioner at 76oF, 42.8 grains/lb.
Air leaves the conditioner at 55oF, 16.1 grains/lb.
Air Temperature Depression = 76oF – 55oF = 21oF
Air Humidity Depression = 42.8 grains/lb. – 16.1 grains/lb = 26.7
grains/lb.
Kathabar Air to Coolant approach curves are provided in Figure 5.7.
With Kathapac FH approach = 10.4oF
Max Coolant Supply Temperature = 55oF – 10.4oF = 44.6oF
Thus, the conditioner can provide the desired performance with 45oF
chilled water.
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Figure 5.7 Kathabar Air to Coolant Approach
(Kathabar Applications Manual, 2007)

h. Determine the design moisture removal load.
Solution:
Air humidity depression = 26.7 grains/lb.
Airflow = 20,833 cfm

20,833SCFM
∗ (.643) ∗ 26.7 grains / lb. = 358lb / hr
1,000SCFM
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i.

Determine the regenerator capacity. Kathabar Regenerator
Capacity curve is included in Figure 5.8.

Solution:
Air leaves the conditioner at 55oF, 16.1 grains/lb., 25% rh
Thus, with 200oF hot water and 25% rh air, the regenerator capacity is
40 lb/hr/ft2

Figure 5.8 Kathabar Regenerator Capacity Curve
(Kathabar Applications Manual, 2007)
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j.

Calculate minimum regenerator face area

Solution:

358Lb ∗ hr
= 9.0 ft 2
40lb / hr / ft 2

k. Select a regenerator having sufficient face area form Kathabar
engineering data table included as Figure 5.5.
Solution:
10 FP Regenerator with 10 ft2 face area

L. Determine the regenerator Load
Solution:

358Lb ∗ hr
= 35.8lb / hr / ft 2
10 ft 2

m. Determine regenerator heat requirements using Kathabar
Regenerator Heat Requirements Included as Figure 5.9
Solution:
Regenerator Load = 35.8 lb/hr/ft2
Conditioner Leaving Humidity = 25% rh
Conditioner Leaving Temperature = 55oF
2,075 BTU/lb * 358 lb/hr/ft2 = 743,000 BTU/hr regenerator Heat input.
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Figure 5.9 Kathabar Regenerator Heat Requirements
(Kathabar Applications Manual, 2007)

n. Determine conditioner cooling load
Solution:
Calculate the sensible cooling loads:

(

)

20,833cfm ∗ 1.08 ∗ 76 o F − 55 o F = 472,500 BTU / hr
Calculate the latent cooling load using design moisture removal and
Kathabar Conditioner “L” factor included as Figure 3.27
“L” factor = 1,320 BTU/lb

(358lb / hr ) ∗ 1,320 BTU / lb = 472,600 BTU / hr
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Latent Load

Total Cooling load =

472,500 BTU / hr + 472,600 BTU / hr = 945,100 BTU / hr (78.8 tons)

Figure 5.10 Kathabar “L” Factor Chart (Kathabar Applications Manual, 2007)
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Exercises
1. Given the following conditions:
Space maintained at 55oF, 10% rh
Internal sensible load: 600,000 BTU/hr
Internal latent load: 400,000 BTU/hr
Maximum diffusion temperature difference: 20oF.
Determine the condition of the air leaving the conditioner, and pick a conditioner
from the Kathabar engineering data table that will handle the airflow requirement.

2. If air enters a conditioner at 80oF, 45 grains/lb and exits the conditioner at
55oF, 15 grains/lb. Determine the maximum coolant supply temperature needed
to get the desired performance.

3. If a liquid desiccant system uses hot water regeneration at 220oF and air
leaves the conditioner at 50oF, 25 grains/lb. Determine the regenerator capacity
(lbs/hr/ft2) needed for the desired conditions using the Kathabar approach. If the
total design moisture removal load is 400 lbs/hr, pick a regenerator from the
Kathabar engineering data table that will meet the design requirements.

4. Given the following conditions
Air flow of 50,000 cfm with 2,000 cfm of outside air
Outside air design conditions: 95oF DB, 78oF WB
Space maintained conditions: 75oF, 35% rh
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Conditioner leaving conditions: 55oF, 35% rh
Regenerator load: 40 lbs/hr/ft2
Determine the design moisture removal load.

5. Determine the total cooling load (tons) from problem 4 using the Kathabar “L”
factor.
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CHAPTER VI
MARKETS AND APPLICATIONS
Markets
Current desiccant based systems are well established in niche markets
and industrial applications. Desiccant manufacturers and researchers are
attempting to expand desiccant systems to larger comfort control markets.
Desiccant systems, with the aid of evaporative cooling, could manage both the
latent and sensible cooling loads of certain applications without a cooling coil.
However, these systems cannot produce supply temperatures below 70oF,
requiring them to handle large volumes of air to meet sensible loads. Current
desiccant technology is marketed as smaller dehumidification devices and HVAC
system components used to reduce total cooling loads and enhance the
dehumidification capacity of conventional systems (Harriman, et al., 1996).

Industrial Markets
Current Industrial markets include food processing, steel production,
warehouses, pharmaceuticals, plastic molding, and battery production. Both solid
and liquid desiccant systems are used in industrial sectors. Desiccant technology
had its beginnings in the industrial market as an alternative means of drying air.
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Many industrial sections were drawn to liquid desiccants because of their
increased efficiency and ability to clean air while dehumidifying. However, food
production applications were less intrigued because of chemical carry over
problems. Current liquid desiccant technology utilizes lower air velocities and
special filters, allowing them to be widely used in confectioneries, breweries,
meat processing, and food storage. Also, there is a larger variety of liquid
desiccant materials available for sensitive applications. As desiccant technology
becomes better understood, developers and engineers are able to make better
use of desiccant systems. Refrigerated or preconditioned air is used in the
desiccant system rather than outdoor air. This reduces the need of high
temperature regeneration and helps to reduce total cooling loads. Current
desiccant systems are widely used in industrial settings with low humidity
requirements.

Commercial Markets
Original attempts to move desiccant systems into commercial markets
were impeded due to large operational costs brought on by unstable fuel prices.
Because of the lost revenues, many desiccant companies left the market. In
recent years, companies have begun marketing desiccant devices as
dehumidification units and HVAC system components used to enhance
dehumidification capacity and reduce total cooling loads. These air
dehumidification devices and HVAC system components have become widely
used in ice rinks, hospitals and supermarkets. Desiccant systems are gradually
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expanding to other comfort control applications such as schools and restaurants.
Current market trends include precooling the process air stream to reduce the
need of high temperature regeneration as well as using internal waste heat from
condensers to regenerate the desiccant material. These measures are used to
lower operational costs by reducing the dependence on outside fuel sources.
Also, manufacturers are producing desiccant systems in rooftop units, which are
more familiar to commercial consumers. Solid desiccant wheels are commonly
used for commercial applications, but liquid desiccant manufacturers are also
producing smaller sized rooftop units for commercial settings. Many researchers
feel that liquid desiccants could be the answer to the problems of current
desiccant systems. Future liquid desiccant systems will utilize advanced
components and have projected COP values of 1.2. As discussed earlier, this
represents drastic improvements over current typical solid desiccant COP values.
These enhanced liquid desiccant systems are projected to enter the market in
the coming years. While current commercial markets are small, lower operational
costs and smaller initial costs units will allow desiccant systems to move from
traditional applications into larger markets.

Residential Markets
There are very few desiccant systems marketed to the residential section.
NovelAire produces a low cfm desiccant dehumidification unit to be used in
conjunction with a conventional air conditioning system for residential
applications. The 300 cfm residential dehumidifier uses condenser waste heat for
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regeneration energy. NovelAire also offers a 400 cfm residential unit which
utilizes natural gas regeneration. Figure 6.1 displays the typical installation of the
NovelAire Comfort plus 300 residential desiccant unit into the duct work of a
residence.

Figure 6.1 Typical Installation of the NovelAire Residential Desiccant
Dehumidifier (www.novelaire.com)

Figure 6.2 illustrates performance data for the NovelAire Comfort plus 300
residential desiccant dehumidifier.
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Figure 6.2 Performance Data for the NovelAire Comfort plus 300 Residential
Desiccant Dehumidifier (www.novelaire.com)

Typical residential air conditioning units are not equipped to “control” humidity,
only “moderate” humidity. Therefore, the operational costs of a desiccant
enhanced unit will always be more than typical residential air conditioning units.
Desiccant enhanced units are marketed as “better “ or “cleaner” air conditioning
systems with the higher operational costs.

MSU Experience with Residential Desiccant Units
Mississippi State University conducted research on the performance and
energy consumption of an experimental residential desiccant unit. Compared in
the study were a standard air conditioner without humidity control measures, a
desiccant based residential dehumidifier in conjunction with the standard air
conditioner, and a standard air conditioner with reheat to provide humidity control
(James, 2004a). The results of the study are displayed in Table 6.1
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Table 6.1 Results of Energy Consumption Comparison (James, 2004a)
Configuration
Standard A/C
A/C with
Dehumidifier
A/C with reheat

A/C Run
Time
Fraction
0.32

DH Run
Time
Fraction
-

Electrical
Power
Watts
2279

Reheat/Regen
Energy
Btu/hr
-

Unmet
Latent
Fraction
0.49

0.44

0.65

3489

11,030

-

0.63

-

4504

21,648

-

The study used the outdoor design conditions for Tampa, Florida, of 141
grainsw/lba and 84oF. Indoor design conditions were 75oF dry bulb and 50% rh.
The standard air conditioner was a 6-ton standard unit. The space was given an
infiltration rate of 0.5. As seen in Table 6.1, the residential desiccant dehumidifier
provided a substantially more energy-efficient means of humidity control than that
provided by the system with conventional reheat. Although the desiccant system
provided better control of humidity, the dehumidifier and air conditioning unit
consumed more electricity than the standard air conditioning unit with no
humidity control. The desiccant unit also consumed additional thermal energy for
regeneration. Later studied were the effects of adding a sensible heat recovery
exchanger to the desiccant unit and the effect of sizing the dehumidifier to handle
the entire latent load (James, 2004b). The results of the additional study are
illustrated in Tables 6.2 and 6.3
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Table 6.2 Results of Energy Consumption Comparison Using Sensible Heat
Recovery (James, 2004b)
Configuration
Standard A/C
A/C with
Dehumidifier
Above w/ 0.70 eff.
heat recovery
A/C with reheat

A/C Run
Time
Fraction
0.32

DH Run
Time
Fraction
-

Electrical
Power
Watts
2279

Reheat/Regen
Energy
Btu/hr
-

0.44

0.65

3489

11,030

0.37

0.91

2961

9,167

0.63

-

4504

21,648

Unmet
Latent
Fraction
0.49
-

-

Using a 70 % efficient heat recovery exchanger to precool the process air
stream and preheat the regeneration air stream, reduced the electrical
consumption and the regeneration energy needed to operate the desiccant
system. The use of the heat exchanger reduced the electrical consumption to a
value near that of the standard air conditioning unit. However, the desiccant still
requires a substantial amount of energy for reactivation.

Table 6.3 Results of Energy Consumption Comparison When Sizing the
Dehumidifier to Handle the Entire Latent Load (James, 2004b)

Configuration
Wet-coil A/C with
220 cfm
dehumidifier
Dry-coil A/C with
500 cfm
dehumidifier

A/C Run
Time
Fraction

DH Run
Time
Fraction

Electrical
Power
Watts

Electrical
Energy
Btu/hr,
Source

Regeneration
Energy
Btu/hr

Total
Energy
Btu/hr

0.37

0.91

2961

33,677

9,167

42,844

0.32

0.98

2563

29,153

22,402

51,555
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Using the desiccant system with sensible heat recovery for the entire
latent load more than doubles the amount of regeneration energy needed for the
system. Results from this research concluded that a residential desiccant
dehumidifier with sensible heat recovery sized only for the latent load which
cannot be met by the air conditioner could be marketed to high-end homeowners
(James, 2004b).

Desiccants and CHP
Cooling, heating and power (CHP) is the use of on-site power generation
coupled with thermally-activated components used to meet the power, heating
and cooling needs of a facility. CHP has been used for industrial applications
since the 1800’s. More recently, increased interest has lead to the adaptation of
these systems for commercial and even residential applications. Systems with 60
kW of electrical generation are known as micro cooling, heating, and power (mCHP). Both solid and liquid desiccant systems can be employed for use in a CHP
system. However, liquid desiccant systems are usually more easily integrated
with a CHP system since liquid desiccants are regenerated with lower
temperatures as compared to solid desiccants. Also, liquid desiccant systems
commonly make use of hot water and steam regeneration (Distributed Energy
Technology Characterization, 2004). The use of any type of desiccant system in
a CHP application requires that the thermal output of the prime mover, air flow
rates, and temperature characteristics be appropriate to the desiccant system’s
regeneration requirements.
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Heat Delivery Methods
Thermal energy from the prime mover can be delivered to the desiccant
system through the direct exhaust from the prime mover, a heat recovery steam
generator (HRSG), or a heat recovery water heater (HRWH). Both direct exhaust
and HRSG can be used for high temperature regeneration, while the HRWH is
used for lower temperature regeneration or the preheating of regeneration air.

Direct Exhaust Systems
Direct exhaust from a prime mover can be used for a number of
applications. Exhaust from a reciprocating engine has very high moisture
content. Typically, these exhaust streams must be kept at a temperature range
above 300oF to ensure no condensation. For these reasons, reciprocating engine
exhaust cannot be used directly for desiccant regeneration. Exhaust from
turbines and micro-turbines has very low levels of particulates and moisture,
making the exhaust a good candidate for direct desiccant regeneration. Exhaust
streams from a micro-turbine are in the range of 500oF to 600oF, much too high
to be directly used by the desiccant system. For most desiccant systems,
temperatures above 350oF to 400oF can damage the desiccant material or
compromise plastic seals. Therefore, the exhaust must be mixed with outside air
before being used for regeneration. Direct exhaust systems can also meet the
requirements for desiccant systems that necessitate higher regeneration
temperatures. Some two-wheel solid desiccant systems that do not use
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precooling require reactivation temperatures of 250oF to 300oF (Distributed
Energy Technology Characterization, 2004).
In 2004, the U.S. Department of Energy published a distributed energy
characterization. Discussed in this report were several examples of applying
recovered thermal energy to regenerate desiccant dehumidification systems.
Figure 6.3 illustrates a direct exhaust reactivation system from a 60 kW microturbine.

Figure 6.3 Direct Exhaust Reactivation System Using a 60-kW Micro-turbine
and an 8,500-cfm Desiccant System (Distributed Energy Technology
Characterization, 2004)

High Temperature Systems
Heat recovery steam generators (HRSG) can be used with reciprocating
engines, turbines, and micro-turbines to produce high temperature reactivation
energy. Reciprocating engines have higher exhaust temperatures compared to
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those of micro-turbines, allowing more energy to be recovered for steam
generation. Reciprocating engines with HRSGs are capable of supporting larger
desiccant systems. For turbines and micro-turbines, the steam generator system
can only recover energy from 300oF to 580oF, compared to the direct exhaust
system, which can recover energy from 120oF to 580oF. Therefore, the direct
exhaust system is capable of supporting a larger desiccant system than a steam
generator system. Figure 6.4 delineates the use of recovered thermal energy to
regenerate a 5800 cfm desiccant dehumidification system (Distributed Energy
Technology Characterization, 2004).

Figure 6.4 High Temperature Reactivation System Using a 60-kW Micro-turbine
and a 5,800-cfm Desiccant Dehumidification Unit (Distributed Energy
Technology Characterization, 2004)

Figure 6.5 depicts the use of recovered thermal energy to regenerate a 45,500
cfm desiccant dehumidification unit
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Figure 6.5 High Temperature Reactivation System Using a 1,100-kW
Reciprocating Engine and a 45,500-cfm Desiccant Dehumidification
Unit (Distributed Energy Technology Characterization, 2004)

Low Temperature Systems
Heat recovery water heaters (HRWH) can also be used with reciprocating
engines, turbines, and micro turbines. HRWH can be used to produce hot water
at temperatures of 180oF to 200oF. This temperature range is sufficient for low
temperature desiccant regeneration. HRWH can also be used to preheat
reactivation air and provide 50% to 60% of the energy used for reactivation
(Distributed Energy Technology Characterization, 2004). Figure 6.6 shows a low
temperature recovery system used to preheat air for the regeneration of a 15,700
cfm desiccant dehumidification system.
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Figure 6.6 Low Temperature Recovery System Used with a 60-kW Microturbine and a 15,700-cfm Desiccant Dehumidification System
(Distributed Energy Technology Characterization, 2004)

Summary
The waste heat from prime movers can be recovered using heat recovery
water heaters, heat recovery steam generators, or from direct exhaust. This
recovered energy can be used for the regeneration of a desiccant system. Some
liquid desiccant systems can be regenerated with temperatures of 180oF to
200oF. This range is easily obtainable by current heat recovery technology. Other
desiccant systems require regeneration temperatures of 250oF to 300oF. The
needs of high temperature reactivation can be met using direct exhaust from
turbines and micro-turbines with dilution air. HRSG can also meet a high
temperature reactivation requirement. While HRSGs can be used in conjunction
with micro turbines, larger systems can be supported using a direct exhaust
system. Table 6.1 shows some of the ideas and basic principles for applying
desiccants to CHP applications.
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Table 6.4 Characteristics of Desiccants in CHP Systems.
Integrating Desiccants into CHP Systems
Heat delivery
methods

Direct Exhaust

HRSG

HRWH

Prime mover

Turbines,
micro turbines

Reciprocating
engines, turbines,
and micro turbines

Reciprocating
engines, turbines,
and micro turbines

Used for

High
temperature
reactivation
(after dilution)

High temperature
reactivation*

Low temperature
reactivation and
preheating of
reactivation air

*For micro turbines, supports smaller systems when compared to direct exhaust

Considerations in Choosing a Desiccant System
When making a decision to use a desiccant dehumidification system, a
number of considerations must be addressed. Perhaps the most important of
these is cost. In many cases, the additional benefits provided by a desiccant
system will lead to a greater overall capital equipment cost. However, since the
latent part of the cooling load is shifted to forms of energy other than electricity,
desiccant systems can often have lower operating costs compared to
conventional dehumidification through sub-cooling. The operating cost of a
desiccant system comes from two main areas: the additional fan power and the
regeneration of the desiccant. Utilizing alternative low-cost sources of
reactivation energy, like waste heat from cooling equipment, CHP systems, or
solar energy, can significantly reduce the regeneration cost of a desiccant
system. Evaluating the proper placement of a desiccant system in an HVAC
system and allowing the system to only run when the humidity rises to a certain
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level can reduce seasonal operation costs of a desiccant system. Also when
using a desiccant system in conjunction with conventional equipment, the
conventional equipment can be down-sized to handle only the sensible load after
dehumidification, reducing the total electrical load (Harriman, 2003).
Situations where desiccants can show an increased cost benefit over
conventional systems are those in which improperly controlled moisture incurs
larger peripheral costs. These situations are common in industry, as discussed in
Chapter 1, but also occur in commercial applications.
Examples of peripheral costs in commercial applications:

•

Retail Establishments – customer discomfort, musty or unpleasant odors

•

Hospitals and Nursing Homes – microbial growth and propagation

•

Grocery Stores – customer discomfort, frost buildup on display cases

•

Ice rinks – poor ice quality, fogging, condensation

Individual situations vary widely and must be considered on a case-by-case
basis. Because humidity and temperature can be controlled independently with a
desiccant system, system performance is often more effective than that
obtainable with conventional systems. However, this added performance is not
always economically beneficial.
Harriman (1996): “Mechanical cooling did not reduce the need for fans and
blowers. Likewise, desiccant technology will not reduce the need for mechanical
cooling; it will simply shift part of the cooling load to thermal energy sources.
Also, just as mechanical cooling adds cost to a fan-only system, desiccant
equipment can sometimes add cost to mechanical cooling. But, just as cooling
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coils add functionality to a ventilation system, desiccant systems provide benefits
which are beyond the reach of mechanical cooling systems. …. the system must
be designed differently to take advantage of benefits and to minimize installed
cost.”
In summary, the major arguments which merit considering a desiccant system
are:

•

An economic benefit of moisture control

•

A high moisture load compared to the sensible load

•

A high fresh air requirement

•

High electricity cost and low thermal energy cost

Review Questions
1. In a general way describe how capital and operating costs compare
between conventional air conditioning systems and desiccant systems.
2. Give several examples of peripheral costs form different applications that
might be associated with uncontrolled humidity.
3. Why is it advantageous to be able to shift part of the cooling load to
thermal energy sources?
4. What “additional functionality” is added to a space conditioning system
that includes desiccant dehumidification?
5. List several factors that might be considered in evaluating whether a
desiccant system is appropriated for a particular application.
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CHAPTER VII
EQUIPMENT AND MANUFACTURERS
There are a number of companies which provide desiccant
dehumidification equipment. The list of companies and products included here is
not intended to be exhaustive, but only to show a representative example of
companies in this field. Some information from manufacturers about capacity,
performance, and size of their equipment has been included to give a feel for the
range of equipment available.

Stulz Air Technology Systems, Inc.
1572 Tilco Dr.
Fredrick, MD 21701
Phone : 301-620-2033
Fax: 301-662-5487
Web site: http://www.stulz-ats.com
Stulz Air Technology Systems manufacture solid desiccant products
utilizing silica gel and molecular sieve desiccant rotors. Their systems can be
regenerated using electric, gas, or steam and are available with airflow rates
ranging from 150 to 24000 cfm. The Stulz 1000 series desiccant dehumidifier is
pictured in Figure 7.1.
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Figure 7.1 Sultz 1000 Series Desiccant Dehumidifier (http://www.stulz-ats.com)

Bry-air, Inc.
10793 Route 37 West
Sunbury, OH 43074
Phone: 877-427-9247
Fax: 740-965-5470
Web site: http://www.bry-air.com
Bry-air manufactures solid desiccant products including rotary based
equipment, and specialized plastic resin drying systems. Their systems can be
regenerated using electric, gas, or steam and are available with airflow rates
ranging from 100 to 30000 cfm. The Bry-Air mini PAC desiccant dehumidifier is
shown in Figure 7.2.
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Figure 7.2 Bry-Air Mini PAC Desiccant Dehumidifier (http://www.bry-air.com)

Dryomatic
7924 Reco Avenue
Baton Rouge, LA 70814
Phone: 301-668-8200
Phone: 225-612-7400
Fax: 225-612-7407
Web site: http://www.dryomatic.com
Dryomatic manufactures solid desiccant products including rotary
desiccant and granular bed dehumidifiers. Their line includes portable, drop-in,
as well as industrial and commercial dehumidifiers, with airflow rates ranging
from 650 to 20000 cfm. The Dromatic AFD series desiccant dehumidifier is
depicted in Figure 7.3.
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Figure 7.3 Dryomatic AFD Desiccant Dehumidifier (http://www.dryomatic.com)

Kathabar
P.O. Box 301
Somerville, NJ 08876-0310
Phone: 732-356-6000
Fax: 732-356-0643
Web site: http://www.kathabar.com
Kathabar manufactures a line of liquid desiccant systems using a lithium
chloride solution. The conditioners (where the process air is routed) and the
regenerators (where the moisture is extracted from the solution) can be located
separately, and one regenerator can serve multiple conditioners. They are
available with airflow rates ranging from 1000 to 70,000 cfm. Figure 7.4 and
Figure 7.5 illustrate the Kathabar 1600 FV Conditioner and the 10 FP
Regenerator.
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Figure 7.4 Kathabar 1600 FV Conditioner (http://www.kathabar.com)

Figure 7.5 Kathabar 10 FP Regenerator (http://www.kathabar.com)

Munters
Major locations located in: MA, FL, MI, TX
Phone: 1-800-686-8377
Web site: http://www.munters.us
Munters has a full line of desiccant dehumidification and humidity control
equipment. Their equipment uses solid desiccants including four different
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desiccant rotor options for various applications. Figure 7.6 shows the Munters
HCD series line of desiccant dehumidifiers.

Figure 7.6 Munters HCD Series Line of Desiccant Dehumidifiers
(http://www.munters.us)

SEMCO
1800 East Pointe Drive
Columbia, MO 65201
Phone: 1-888-473-6264
Web site: http://www.semcoinc.com
SEMCO offers desiccant based air pretreatment devices, dehumidification
systems, and hybrid systems. Figure 7.7 depicts the SEMCO Revolution hybrid
desiccant system.
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Figure 7.7 SEMCO Revolution Desiccant System (http://www.semcoinc.com)

TRANE
Web site: http://www.trane.com
Trane offers solid desiccant equipment in a series configuration. Their
equipment can be used as part of a package air-conditioning unit or as a
ventilation air pretreatment. Figure 7.8 and Figure 7.9 show the TRANE CDQ
system as a single rooftop unit and incorporated into a large air handler.

104

Figure 7.8 TRANE CDQ System as a Single Rooftop Unit
(http://www.trane.com)

Figure 7.9 TRANE CDQ System Incorporated into a Large Air Handler
(http://www.trane.com)

NovelAire
10132 Mammoth Avenue
Baton Rouge, LA 70814-4420
Phone: (800) 762-1320
Web site: http://www.novelaire.com
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NovelAire produces desiccant wheels and desiccant
dehumidification units for residential and commercial applications with air
flow rates of 300 cfm to 600 cfm. Figure 4.10 illustrates the NovelAire
Comfort plus 300 residential dehumidifier.

Figure 7.10 NovelAire Comfort plus 300 Residential Dehumidifier
(http://www.novelaire.com)
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